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Summary
In recent years, the Army, and the U.S. Department of Defense (DoD) more broadly, has become increasingly interested in "commonality"-the sharing of common parts across different entities. Commonality has implications for procurers, designers, developers, trainers, logisticians, and operators. Commonality offers many advantages and disadvantages; the trade-offs are sometimes difficult to discern and implement. To gain an understanding of the potential benefits and burdens (full life-cycle costs, training, and sustainment) of commonality, the U.S. Army Capabilities Integration Center asked RAND Arroyo Center to assess the consequences of "system and component commonality." 1 Consequences are difficult to discern when there is confusion about the subject. As we began to examine existing literature on commonality, we realized that there is considerable confusion about what commonality is and why it matters. This report recommends a new, more rigorous lexicon for describing system commonality and component commonality and presents a common language for the Army and other services to share. This report provides definitions for common and eight related concepts.
We acknowledge that this work can be viewed as an unnecessary, pedantic exercise. However, the document was motivated both by the reported costs arising from a lack of clear definitions during recent Army acquisition processes and by cases in which unclear definitions of commonality have led to significant problems. This report documents historical examples of components being described as "common" and praised for their "interchangeability," even though they were neither perfectly common nor interchangeable. In fact, entities do not need to be common to be interchangeable. If two uncommon components mate with the same interface on a system and offer the same performance, they are perfectly interchangeable. Our definitions make these points clearer.
Definitions
In developing our lexicon, we examined current military and civilian use of the terms and sought, through our definitions, to clearly distinguish each term from the others and to resolve points of confusion surrounding the use of some of these terms.
Interchangeable
Interchangeable items are defined as those capable of exchanging places without alteration. This is an important distinction because, while all common items are interchangeable, not all interchangeable items are common. 
Module
A module can be defined as an exchangeable or augmentable item used to change the higher-level item's functionality. 2 A module should be distinguished from an interchangeable item. While interchangeability refers to the exchange of items of the same type to replace a dysfunctional item, modules of different types are exchanged-or a module is added-to change an overall system's capabilities or attributes. Common modules can be interchanged if one fails, but dissimilar (not common) modules can also be interchanged to change the system's functionality.
Modular
A modular item is one capable of changing functionality through the exchange or addition of modules. A modular item should be distinguished from a module because these terms describe different levels (system and component, respectively).
Family
A family is a set of functionally differentiated variants of a base model. 3 Variants have something in common, though there is some uncertainty about how much or what they must share for them to share a base model. 
Standardized
The power packs in the M2 IFV and MLRS are common and therefore meet all the same standards and are interchangeable.
The power packs in the M60 MBT and M88 RV share most components and meet most of the same standards but are not interchangeable without modification.
The power packs in the M2 IFV and M60 have nothing in common but can run on the same fuel.
Michelin XL ® and Goodyear AT2A ® tires are not common but meet enough of the same standards to be interchangeable on the HEMTT. NOTE: HEMTT = heavy expanded mobile tactical truck; IFV = infantry fighting vehicle; MBT = main battle tank; MLRS = Multiple Launch Rocket System; RV = recovery vehicle.
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Hybrid
We define a hybrid as a combination of capabilities or components that are normally separated. The hybrid is important because it offers an alternative to modular items and family variants, in particular.
Interoperable
Interoperable items are able to work together; the ability to work together always has a context, which must be specified. For instance, two weapons may be described as interoperable because they process the same targeting data. They are not necessarily common, nor do they necessarily share any components or standards.
Differentiated
Differentiated can be defined as having altered capabilities or items. This definition is inherently comparative and contextual. These capabilities or items have been altered or are distinct from existing capabilities or items. Differentiation is an important concept, principally as a contrast to common. While common items are the same, differentiated items are in some way different or specialized ("stand-out" items) compared to other items or are stand-alone items. Table S .1 summarizes our recommended definitions. Although readers may not agree with all our definitions, we hope that this report will serve as a sound basis for a rigorous lexicon that the Army-at least its development, procurement, and logistics communities-could adopt and utilize for the better. Future work might address how this or another rigorous lexicon could improve decisionmaking across a broad spectrum of activities related to the acquisition and maintenance of Army systems. This report also complements other RAND work on the consequences of commonality. 
Recommended Definitions
Introduction
Increasingly, the U.S. Army, and the U.S. Department of Defense (DoD) more broadly, is emphasizing "commonality"-the sharing of common parts across different entities. Commonality has implications for procurers, designers, developers, trainers, logisticians, and operators. Commonality offers advantages and disadvantages; the optimal trade-offs are sometimes difficult to discern and implement. On the plus side, commonality can increase operational and logistical flexibility. If the same component can be replaced on multiple systems, 1 the logistical burden decreases. Additionally, a common major component (such as a vehicle chassis) suggests common operational performance, helping different systems work together. Common major components are also expected to reduce development and procurement costs and permit the sharing of maintenance procedures and maintainers. However, commonality can decrease design freedom and operational flexibility by making components conform to different host systems and disallowing specialization. Moreover, the acquisition of common components across multiple systems might impose extra development or procurement burdens that outweigh the actual benefits. The Army needs to understand how commonality provides benefits and imposes new burdens and operational risks so that it can determine how much commonality should be sought. Therefore, the Army Capabilities Integration Center asked RAND Arroyo Center to assess the consequences of "system and component commonality." 2 However, as we began to examine existing literature on commonality, we realized that there is considerable confusion about what commonality is and why it matters. The U.S. military's own definitions often overlap or contain inconsistencies. Worse, the U.S. military often fails to formally define some of the concepts that we have identified as relevant. This confusion leads to poor understanding of the benefits and burdens of commonality. For example, in 1994, the Committee on Appropriations of the U.S. House of Representatives suggested, with the President's approval, that DoD transfer some earth-orbiting satellites to an agency whose satellites, according to the manufacturer, had a significant proportion of components in "common" with the DoD satellites. Further study, however, revealed that most of those components were not interchangeable, though they did share a "common" development lineage. The contractor's earlier statements about common components had persuaded the government that integrating the two agencies' satellites would offer significant benefits. In fact, further study indicated that integration would not be beneficial to the government. Semantic impreci-sion had almost led the government to enact a disruptive policy that did not offer the benefits presumed. More rigorous agreement between the House of Representatives, the manufacturer, and DoD on the differences among terms such as shared development lineage, common, and interchangeable would have mitigated the confusion (Schultz, 1995) .
This report recommends a new, more rigorous lexicon for describing commonality and presents a common language for the Army and its contractors and partners to share. Words matter: If we do not use words in the same way, we risk confusion and poor decisionmaking. Researchers can use rigorous definitions to help delineate problems and solutions and thus advance theory. Concept developers, procurers, and designers need such definitions to develop appropriate systems and components. Supply chain managers need such definitions to categorize and manage items. Trainers require definitions to help build a shared understanding within the learning community. Policymakers require clearly delineated concepts to support effective decisionmaking.
This report discusses common and eight related concepts that are often conflated with commonality but that we discretely define and conceptualize. For each concept, we provide examples of how these terms can be used in relation to vehicular and infantry weapons. 3 This report complements other RAND work on the consequences of commonality. Although the reader may not agree with all the definitions presented here, we hope that this report will serve as a sound basis for a future lexicon acceptable to the Army and for use in future reports that may discuss in more detail how the new lexicon would improve decisionmaking and practice.
The remainder of this report is organized as follows. Chapter Two develops a "systemcomponent hierarchy" to help categorize systems and components. Chapter Three defines and conceptualizes common and eight other relevant terms. In Chapter Four, we present some examples of each of the nine concepts identified as relevant in this report. Chapter Five then offers some brief recommendations and conclusions.
CHAPTER TWO
Systems and Components
RAND was asked to assess the consequences of "system and component commonality." This chapter explains the distinction between systems and components. Figure 2 .1 shows the systemcomponent hierarchy, which is illustrated in Figure 2 .2 using the military example of the M4 carbine, an individual weapon issued to U.S. Army soldiers.
The dividing line between the component and system categories in Figure 2 .1 is drawn according to primary intended end use-if the item is intended to be functional alone, it is a system; otherwise, it is a component. For example, the M4 carbine is a system because it is a final combination of products. However, a tank gun would be considered a component because it is designed to be installed on a tank. Our system-component hierarchy consists of six levels (part, subcomponent, component, end item, system, and system of systems), three within each category. The system category includes three levels: system of systems, system, and end item. The component category also has three levels: component, subcomponent, and part. Notice that this reduction leads to some semantic confusion. For instance, a component refers to one of the six levels, whereas component (according to our notation) refers to one of the two categories.
These categories and levels are drawn from existing military and civilian terms and definitions. They are not perfectly distinct-coding always will be subjective-but at least they give us a conceptual understanding of how the Army itself distinguishes between systems and components.
Beginning at the most micro level, notice that a part, such as the M4 carbine's sling, is the lowest level of replaceable item; it is not the lowest level of manufactured item-a part may be manufactured with multiple subpart items, such as the sling buckle, which are not replaced. Instead, only the part (the sling) is replaced. 1 A subcomponent, of which the trigger assembly is an example, is a combination of parts that is itself combined with at least one other subcomponent or part to form a component. The subcomponent is neither the lowest level nor the highest level of replaceable item short of the end item. The component is the highest level of replaceable item short of the end item. Note that the subcomponent is not a necessary step between part and component-indeed, a component could be a part (such as the sling) if it is both the highest and lowest level of replaceable entity short of the end item. The end item, the M4 carbine itself, is a combination that is intended for stand-alone use. A system, such as a carbine carried on a vehicle as part of the latter's normal inventory, is a combination of end items. 2 A system of systems, such as a unit deploying vehicles both with carbines and machine guns and with infantry squads, is a combination of systems.
The M-4 carbine in Figure 2 .2 is an end item: It is a final assembly of components that is ready for its intended use. As an end item, it falls within the system category of our systemcomponent categorization.
According to its manual, 3 the M4 carbine is composed of seven components. One component (the sling) is also a part, since it is the lowest level of replaceable item (even though it is manufactured from other items, such as the canvas strip and the buckle). The other six components are not parts, since they are not the lowest level of replaceable item. Instead, these six components are composed of subcomponents and parts. For instance, the trigger assembly is a subcomponent of the lower receiver and buttstock assembly. The trigger subassembly is a subcomponent within the trigger assembly. The trigger subassembly is composed of two parts, the spring and the trigger.
The next chapter defines the nine relevant concepts identified in this report.
CHAPTER THREE
Commonality-Related Concepts and Definitions
This chapter defines and conceptualizes commonality and its related concepts. Nine main concepts are identified in this document as relevant to commonality. Most can be categorized as mostly characteristic of either the component or system category or, in the case of differentiated, both:
component category: common, standardized, interchangeable, module system category: modular, hybrid, family, interoperable both categories: differentiated.
The remainder of this chapter discusses existing definitions of each of these nine concepts (see Table 3 .1) and provides our recommended definitions. These recommended definitions are summarized in Table 3 .2.
Common
Commonality is the key concept in this report. However, as we illustrate here, because this term is so widely used and can have so many different meanings, its appropriate meaning within the procurement and development communities is difficult to ascertain. For instance, common can be used as a synonym for ubiquitous, available, cheap, or similar; however, not all of these meanings (e.g., ubiquitous) are useful in helping developers or procurers determine what sort of components or systems are needed. A basic objective of this report is to provide the Army with a definition of common as well as a range of related terms that will allow for more precise and focused procurement and development discussions. Commonality is a widely used term with many meanings, not all of which are useful for the procurement or development communities. Our recommendations do not imply that the many meanings of common can be eliminated. Rather, we recommend that the procurement and development communities, in particular, use our narrower definition.
The Department of Defense Dictionary of Military and Associated Terms (Joint Chiefs of Staff, 2001, p. 105) does not define common, but it does define common item, a term with a wide range of meanings:
1. Any item of materiel that is required for use by more than one activity. 2. Sometimes loosely used to denote any consumable item except repair parts or other technical items. 3. Any item of materiel that is procured for, owned by (Service stock), or used by any Military Department of the Department of Defense and is also required to be furnished to a Meyer and Lehnerd (1997, p. 83 ).
e Office of the Under Secretary of Defense for Acquisition, Technology, and Logistics (undated).
f Simpkin (1979, p. 206) and Merriman (1987, p. 92 ).
g Simpkin (1979, p. 177) . The DoD definition is so broad that almost any item might be classified as a common item. Meanwhile, the definition does not specifically include the least ambiguous use of the term common item-an item that is the same across more than one type of higher-level item. This last definition is closest to those found in the civilian literature on manufacturing, some of which we quote here to document the diversity of definitions and conceptualization. For example, in a study of civilian design, Perera, Nagarur, and Tabucanon (1999, p. 110) define component commonality as "the situation in which several components are replaced by a single component that can perform the functions of all of them." Eynan and Rosenblatt (1996, p. 93) define component commonality as "the replacement of several different components (subassemblies) by one component (subassembly)." Nagarur and Azeem (1999, p. 125) define common components as components that "replace unique components in several final products." These civilian definitions refer to multiple components replaced by a single component and imply an objective. The enabling factor is the use of a common component: The same item can be used in different systems to perform the same function. Common items are completely interchangeable among systems because they are the same component. However, not all interchangeable items are common.
The DoD (Joint Chiefs of Staff, 2001, p. 104) definition of commonality conflates common and interchangeable:
A quality that applies to materiel or systems: a. possessing like and interchangeable characteristics enabling each to be utilized, or operated and maintained, by personnel trained on the others without additional specialized training; b. having interchangeable repair parts and/or components; and c. applying to consumable items interchangeably equivalent without adjustment.
We find the conflation of common and interchangeable to be problematic. If common items are the same across more than one system, they are also interchangeable across those systems. However, interchangeable items are not necessarily common. For instance, different kinds of tires made by different manufacturers could be interchanged on one automobile, as long as the tires meet some of the same standards (e.g., diameter, among other attributes), as defined by the user. 1 Simpkin (1979, p. 67) distinguishes commonality from interchangeability in the context of weapons, 2 reasoning that guns might be assembled in different mountings for different weapon platforms. The gun tubes might remain common, but the gun assemblies would not, because they could not be exchanged without alteration. On the other hand, two uncommon gun assemblies, even with uncommon gun tubes, might be interchangeable if the gun assemblies mated with the same interface on two different platforms. Often, many different types of machine guns can be attached to the simple machine-gun mounts atop military vehicles.
Similarly, we also conclude that the use of common to refer to uniform is overinclusive and lacks the precision needed in the procurement and development context. The notion of uniformity can include nonmaterial factors, as described by Smith (1987, p. 20) , who defined it as follows:
Something more than the mechanical ability to produce things with standardized or interchangeable parts. It also refers to a pervasive mental attitude common among soldiers and essential to military enterprise that emphasizes system and order in all things, including labor on and off the shop floor.
We conclude that a narrower and more focused definition of common will be most useful for describing components. We recommend the following definition of common components: items that are the same, for all intents and purposes, across more than one higher-level item. We recommend this definition, in part, to distinguish common items from components that are not the same but that meet a standard (i.e., standardized items) or that are not the same but are interchangeable.
Standardized
Like common, the word standard (see Table 3 .1), as it is currently used, takes on a number of different meanings, ranging, in this case, from ubiquitous or generic (as in the phrase, "the Army's standard wheeled vehicle") to approved (as in the phrase, "the Army's standard weapon training"). In the context of weapons, Simpkin (1979, p. 206) and Merriman (1987, p. 92) both use "international standardization" to mean international interoperability. The multiple definitions of standardized and the term's confusion with other concepts, such as common or interchangeable, suggest that a more focused definition is needed.
Standardized is a term that is often used interchangeably with common. For instance, Perera, Nagarur, and Tabucanon (1999, p. 110) treat component standardization and component commonality as the same thing. Meanwhile, Ogorkiewicz (1970, p. 136) , writing on armored fighting vehicles, defines standardization as "concentration on a minimum number of types of equipment." Rationalization is usually used to describe a similar process of reducing the number of components. One way to standardize or rationalize in this sense is to replace some different types of items with a common item. DoD (Joint Chiefs of Staff, 2001, p. 506) defines standardization in terms of commonality, interchangeability, and interoperability:
The process by which the Department of Defense achieves the closest practicable cooperation among the Services and Defense agencies for the most efficient use of research, development, and production resources, and agrees to adopt on the broadest possible basis the use of: a. common or compatible operational, administrative, and logistic procedures; b. common or compatible technical procedures and criteria; c. common, compatible, or interchangeable supplies, components, weapons, or equipment; and d. common or compatible tactical doctrine with corresponding organizational compatibility.
We define standardized as meeting a standard, such as a performance or material standard or a shared process or resource (see Table 3 .2). A standard is the measure specifying a level of performance (such as a component's stress threshold), material form (such as a component's size or interface), process (such as a vibration-mitigation process), or resource (such as 220-voltage electricity). Standardization is the process of establishing a standard. Items do not need to be common to meet the same standard, and vice versa.
Unlike common items, standardized items come together for a common purpose (shared processes or resources) and must meet certain criteria (standards), but are not identical to each other. Systems, not just components, can be described as standardized if they share processes or resources or meet the same standards. For example, guns may fire common ammunition, and vehicles may run on common fuel. Here, care is taken to distinguish between the common resource (ammunition or fuel) and the standardized system (the guns or vehicles, respectively). Also, it is worth remarking that the use of the word standardized here, as with all the terms defined in this report, is highly contextual. The guns are standardized to common ammunition and the vehicles are standardized to common fuel, but they may share no other standards.
Interchangeable
Interchangeable and interchangeability are not officially defined by the DoD or Army dictionaries (see Table 3 .1). Instead, the DoD dictionary conflates interchangeability and commonality in its definition of common item. We distinguish the two. 3 Following Simpkin's (1979, p. 67) analysis of tank design, we define interchangeable items as those that are capable of exchanging places without alteration. There is an important distinction to be noted between interchangeable items and standardized ones, since the latter must be adapted to work with different higher-level items. The need for alterations increases with more complex items. Simpkin, for instance, noted that engines and armaments are often altered to fit into different weapon platforms. Even if not altered themselves, these components may be fitted into different mountings. For example, a gun will usually require unique mountings on different tank models.
The British L7 105-mm tank gun illustrates the importance of this distinction. During the 1960s and 1970s, this gun became the most widely procured tank gun internationally, and, even today, it remains a popular choice for lighter armored vehicles. 4 As a result, different tanks were often described as carrying a "common" or "standardized" L7 tank gun. However, we find the use of these two terms imprecise in this context. Few of these different types of vehicles could exchange guns without extensive modification. For instance, a version of the L7 with a rotated breech was fitted onto Saudi T55 tanks to better fit the configuration of Soviet tanks. "Light-recoil" versions of the L7 have been fitted onto light armored vehicles, such as wheeled armored cars. Finally, the L7 mounted on the S-tank was a lengthened version. Adapted guns remain attractive because they are usually cheaper to procure than newly designed guns, and they are usually able to fire common ammunition. However, we must be semantically clear: A redesigned gun is not common with its parent. For example, the parent of a light-recoil variant does not perform to the same recoil standard as its variant.
The most frequent context for interchangeability is in reference to ammunition, though ammunition interchangeability is usually termed standardization or commonality, terms that are less precise in this context, as the case of the L7 illustrates. Decker (1999, p. 319) characterizes "standardized" NATO 120-mm tank ammunition as "one of the largest contributors to the logistical support of tank warfare." Ammunition is not normally considered a component, but certain ammunition nevertheless can be described as common, standard, or interchangeable. In the case of NATO 120-mm tank ammunition, if produced to the same design, the ammunition is better described as common than as standardized. Different guns that use it would be standardized to the common ammunition.
In summary, we recommend (see Table 3 .2) that "interchangeable" items be defined as those "capable of exchanging places without alteration." This is an important distinction because, while all common items are interchangeable, not all interchangeable items are common. Table 3 .1). The U.S. Army dictionary does provide several definitions of module, which apply in different contexts:
A standard or unit for measuring.
In building, a selected unit of measure, ranging in size from a few inches to several feet, used as a basis for planning and standardization of building materials.
In automatic data processing, a program unit that is discrete and identifiable with respect to compiling, combining with other units and unloading; e.g., the input from an assembler.
An item, assembly, subassembly, board, card, or component which is designed as a single unit to facilitate and simplify production line techniques, transportation, supply, and maintenance processing. The main difference between civilian and military use of the term module relates to the stage in a system's use and life cycle at which modules are reconfigured. The military is typically concerned with rapid reconfiguration of systems in the field through the addition or exchange of modules by users who intend to tailor equipment to different mission requirements. A long-standing example of a module used to augment an infantry weapon is an optical sight, which replaces "iron" or "vane" sights. An image-intensifying sight could be fitted for nighttime operations, while a normal optical sight could be fitted for daytime operations.
In contrast, civilian modules are typically reconfigured during design, development, and manufacture. Baldwin and Clark (2000, p. 63) note that "modules are units that are structurally independent of one another, but work together" according to "a predetermined set of design rules" (p. 6). Baldwin and Clark (2000) and Meyer and Lehnerd (1997) use the word interface to describe how components interact. 5 Baldwin and Clark (2000) define modularity as "a nested hierarchical structure of interrelationships among the primary elements of the set" (p. 11), or "a particular design structure, in which parameters or tasks are interdependent within units (modules) and independent across them" (p. 88).
Baldwin and Clark's conceptualization of modularity is focused on the designer's and manufacturer's manipulation of modules to meet new market or client requirements. (Changing a product to make it more marketable is often termed differentiation, which is discussed later in this report.) Baldwin and Clark (2000, pp. 123-138, 227-228, 262) conceptualize several design processes that are expected to differentiate a product. "Substituting one module for another" could be used to augment the higher-level item or to lower costs. "Augmenting" an item by "adding a new module to the system" adds capabilities or improves performance, rather than simplifying the design or lowering costs. "Excluding" a module from the higher-level item would be expected to lower costs, possibly at the expense of performance or capabilities, and could still result in differentiation by refining the item's specialty. Indeed, Baldwin and Clark (2000, pp. 137, 301-310) note the virtue of an "exclude-then-augment" design strategy, which allows very narrow specialization at low cost by initially excluding extra modules, with room for augmentation later. 339 ) use the word porting to describe the assignment of a module from one product to another.
For the Army's purposes, we recommend a definition of a module as an exchangeable or augmentable item used to change the higher-level item's functionality (see Table 3 .2). A module should be distinguished from an interchangeable item. Modules of different types are exchanged-or a module is added-to change the higher-level item's capabilities or attributes. Interchangeability refers to the exchange of items of the same type, including across different systems, usually made to replace a dysfunctional component but not to change the higher-level item's functionality. 6 Modules of different types can be exchanged because they fit the same interface. An augmenting module is added without replacing anything. For instance, some infantry weapons can mount an optical sight without removing the iron or vane sight.
Modular
DoD does not provide an official definition of the term modular (see Table 3 .1). The U.S. Army dictionary defines modular design as a "modular building block principal which normally employs quick disconnect technique features and is the method used by materiel developers to simplify design and construction, or assembly, and to optimize on a means for fault isolation/diagnosis, replacement, and repair of those modules which malfunction or become defective." (Headquarters, U.S. Department of the Army, 1983, p. 121) . This definition does not refer to a change in functionality, which, as pointed out in the discussion of modules, is a necessary outcome if an item is to be considered a module.
Thus, we recommend the following definition of modular item: a higher-level item capable of changing functionality through the exchange or addition of modules. A modular item should be distinguished from a module because these terms describe different levels of the system-component hierarchy. For instance, a rifle that can fit a number of different types of optical sight is a modular system, whereas the optical sights are modules.
Family
Although not defined in the DoD dictionary (Joint Chiefs of Staff, 2001; see also Table 3 .1), the word family is commonly used in military science to refer to a set of items based on a "base model" or "platform," such as a vehicle chassis. (Since, in military usage, the word platform usually refers to a vehicle, we prefer the term base model to describe the common basis for a family of variants.)
In management science, a family is a set of products with something in common. For Meyer and Lehnerd (1997, pp. xi, 35) , writing in the context of electronic products, a family is a set of "individual products that share common technology and address related market applications." They refer to a "common core technology" or "product platform," which they define as "a set of common components, modules, or parts from which a stream of derivative products can be efficiently created and launched" (p. 7) or "a set of subsystems [components] and interfaces that form a common structure from which a stream of derivative products can be efficiently developed and produced" (pp. xii, 39). Meyer and Lehnerd's definition of families in terms of "subsystems" and "interfaces" overlaps with Baldwin and Clark's definition of modularity. For Meyer and Lehnerd, subsystems are discrete items that have a "specific function" or that can be produced in isolation from the other items before being installed into the base model itself (p. 39). Baldwin and Clark (2000, p. 63) prefer to call these subsystems modules.
We think that the term family can be defined much more cleanly and simply as a set of items sharing a base model.
Coding a Base Model
There is considerable uncertainty about the circumstances under which a set of common components actually constitutes a base model. Standardizing or selecting common components across items does not necessarily create a base model. For example, we would not consider two models of wheeled vehicles to share a base model just because they share the same type of wheel. Robertson and Ulrich (1998) , writing in the context of the automobile industry, define a base model as "the collection of assets shared by a set of products." 7 For Robertson and Ulrich, the proportion of shared components must cross some threshold to establish a base model (p. 20). They imply that the threshold should be "most" (more than 50 percent) components:
Generally, platform products [variants] share many if not most development and production assets. In contrast, parts-standardization efforts across products may lead to the sharing of a modest set of components, but such a collection of shared components is generally not considered a product platform [base model]. (p. 20) Meyer and Lehnerd (1997, p. 120 ) agree that sharing a few or minor components is not enough to create a base model. They assert that products must share major "subsystems" and "interfaces" if they are to share a base model (p. 39). For instance, an automobile base model includes at least a chassis, engine, drive train, and transmission. Ultimately, the composition of the base model is left to the producers. "Every company must determine precisely the structure of the product platforms [base models] suitable for its business" (p. 39). Meyer and Lehnerd (pp. 30, [42] [43] ) also allow that a base model can be modified without declaring a new base model. A "platform [base model] extension occurs when particular subsystems within the existing platform [base model] design are substantially changed and enhanced." A new base model occurs when new subsystems are added or the old subsystems are combined in a new way, rather than just changed internally. Despite these coding rules, the coding remains subjective. We define a base model as a major item or collection of items shared, in practice or prospectively, across more than one higher-level item. Meyer and Lehnerd (1997) refer to products within the family as derivatives, which are often termed variants in the military context. Families of military items consist of a set of functionally differentiated variants. Most weapon platforms have been designed to serve one function. Modified or upgraded equipment will share many components with the equipment's parent but do not change the original function and are therefore probably not best described as variants. Some derivatives (for example, command, mortar-carrier, ambulance, and training variants of a light armored vehicle) are certainly variants but may be considered unremarkable because they do not differ sufficiently from the parent. To capture unremarkable variants, Terry et al. (1991, p. 164) distinguished between a variant and a "specially equipped vehicle" (SEV), such as the M113 ambulance. "An SEV is a standard vehicle, such as the [U.S. M113] infantry section carrier, which is fitted with a kit to allow it to perform a special function." The kit does not change the basic structure. For Terry et al., an example of a vehicle variant is the M577 command post vehicle, adapted from the M113 armored personnel carrier. The body of the M577 is taller than that of the M113. For Terry et al., this difference means that the two vehicles have different chassis (even though the running gear is the same). "A variant is a vehicle whose characteristics are so different from those of the basic vehicle on which its design is based that the chassis is itself different" (p. 164). The level of "difference" is a subjective coding problem and not one that Terry et al. investigate further.
Variants
We conclude that variants are functionally differentiated derivatives of a base model (see Table 3 .2). Like base models, variants face a coding problem, which is inherently subjective and otherwise beyond our purposes here.
In summary, a family is a set of functionally differentiated variants of a base model. Variants have something in common, though there is some uncertainty about how much or what they must share to also share a common base model.
Hybrid
Although used frequently in biology and management science, the terms hybridization and hybrid are not common in military science; neither is defined by DoD (see Table 3 .1). Hybridization is used here to mean the process of combining multiple items or capabilities that are normally separated. We define hybrid as an item combining capabilities or lower-level items that are normally separated.
In military science, hybrids tend to be described by terms such as universal, multirole, multipurpose, and versatile. Universal was once a popular term for describing multifunctional items. 8 Today, the most frequently used terms for military hybrids include versatile, multipurpose, and multirole. Many authors describe armored vehicles and aircraft as multirole or multipurpose if they perform more than one of the functions normally assigned to discrete weapons (see Simpkin, 1979, pp. 189-196; and Walker, 1987, p. 2) . For instance, aircraft capable of, or tasked with, air-superiority or -interception missions as well as ground-attack missions are often described as multirole aircraft.
We prefer the clear and multidisciplinary meaning of the word hybrid (see Table 3 .2). We define a hybrid as a combination of capabilities or items that are normally separated. For example, an IFV combines external armaments with personnel carrying capabilities. 9 The concept of the hybrid is important because it offers an alternative to modular items and family variants, in particular.
Interoperable
Interoperability means that items are able to work together. DoD treats interoperability more parochially-as compatible services or information technology (see Table 3 .1):
While the ability to communicate is an important test of interoperability, it is not the only test. Shared mobility is a neglected type of interoperability. For instance, bomber aircraft may be vulnerable to enemy fighter planes if friendly fighter escorts cannot operate at similar ranges. Similarly, vehicles in ground units are expected to operate with similar speed, refueling range, target engagement range, and mobility.
The ability to work together must be contextual: Interoperability can be assessed in one context without implying interoperability in other contexts. For example, two weapons could be interoperable in terms of range (perhaps they can engage targets accurately at the same distance or travel the same distance without refueling) but not speed (one is slower than the other). In the end, interoperability offers a subjective coding problem, like base model and variant, that our definition is not intended to solve.
Some forms of interoperability are even less obvious and more difficult to measure. For instance, tanks produced with Chobham or equivalent armor 10 are interoperable in the sense that similarly protected tanks can withstand similar threats and carry out or support similar missions. This form of interoperability is limited to force employment and has no logistical consequences (Terry et al., 1991, p. 20) .
As noted earlier in this chapter, Simpkin (1979, p. 206 ) treats "international standardization" as a synonym for interoperability in the context of land weapons. The U.S. Army is rightly concerned with interoperability with foreign militaries, given the increasing frequency of U.S. involvement in international coalition operations. While we agree that interoperability usually has an international connotation, we think that the term standardized should be limited, for Army purposes, to the definition given earlier.
Another potential synonym of note is jointness, which is usually used in the context of relations between the U.S. military services, not between international coalition partners. Although jointness may be equal to interoperability in technical contexts, jointness seems to suggest attitudinal and cultural dimensions that are not necessarily suggested by interoperability.
Finally, we note that interoperability is often used in the same context as compatibility. Our definition includes compatibility, but we recommend that the term compatibility refer more specifically to the ability to share information among digital, IT, and communication equipment and software. For example, in a joint operation, different air defense systems from different services may be tasked with working together to protect an area from air attack. The task is easier if the different systems can exchange information.
In summary, interoperable items are able to work together (see Table 3 .2). The ability to work together always has a context; that context must be specified. For instance, two weapons may be described as interoperable because they can process the same targeting data. They are not necessarily common, nor do they need to share any components.
Differentiated
A differentiated item is an item that is intentionally different from another. Differentiated implies something more than different. Items may be different by accident, but a differentiated item is made different with some objective in mind. Differentiation means to make different by alteration or modification. Differentiation is a term that is frequently used in the civilian literature on marketing and operations management. Differentiation is most notable when it improves performance or adds capabilities. Alterations or modifications can also simplify the design or lower production costs. Whether improving performance or capabilities or lowering costs, civilian suppliers are usually trying to differentiate their products from those supplied by their competitors in an effort to make their products more attractive to consumers. Consequently, differentiated items are often described as "specialized" or "stand-out" products. We find these terms more value laden and outcome oriented than differentiated.
Differentiated can also be used to suggest the creation of a different or stand-alone item by separating or dividing some part of another item. Simpkin used the phrase hiving off to mean the assignment of a capability to a different model of vehicle rather than accepting the tradeoffs that might arise when capabilities are assigned to a single model. 11 Simpkin was thinking of tank design in particular. Turreted tanks often reflect a trade-off between the size of the main armament and the size and weight of the overall vehicle. Simpkin proposed hiving off a heavy gun to a turretless variant, while placing a lighter gun in the turreted variant (Simpkin, 1979, pp. 189, 215; 1982, pp. 26, 175-177) .
We recommend that differentiated be defined as "altered capabilities or items" (see Table  3 .2). This definition is inherently comparative. The altered capabilities or items are altered or differentiated from existing capabilities or items. Differentiation is an important concept, principally as a contrast to common.
The next chapter offers civilian light bulb, military vehicular, and infantry weapon examples of each of the nine concepts we have just defined.
CHAPTER FOUR
Examples
In this chapter, we present some examples of the nine commonality-related concepts. These examples set the scene for, and provide an exercise in, the linguistic and conceptual problems and solutions tackled by this report. In the first section, we present some introductory examples of commonality and its eight related concepts in the context of artificial light sources-a less complex category of examples than the later military examples. The second section presents military vehicular examples, and the third section presents infantry weapon examples. Light bulbs attach or fit into the flashlight or other type of lighting system via some sort of interface. Many flashlights accept only screw-in light bulbs that screw into an appropriately sized thread, while some lamps accept only bayonet light bulbs, whose perpendicular metal pins fit under catches in the lamp socket. Both types of interfaces can be described as standardized, because the design and size of the screw threads or bayonet sockets conform to the industry's standard designs. A manufacturer knows that it can design a new bulb to the interface standard and that it will connect.
Artificial Light Sources
If a light bulb burns out and one of the same brand and model is not available, it may be possible to replace it with a different brand or model of bulb that conforms to the same standard of socket. The new bulb would be said to be interchangeable with the other. The bulbs do not need to be common to be interchangeable. They could be different in shape or power and have different type designators or numbers, but they both fit into the same system and perform the same function. Their interchangeability is enabled by a standardized interface.
A portable artificial lighting system might be used with certain add-on devices or modules, such as an optional solar panel recharger. A module is a component designed to be optionally fitted to a system to change the functionality of that system; it does not have any intended stand-alone functionality. The flashlight that can be recharged by the solar recharger is part of a modular system. Only systems can be modular; only components can be modules. A manufacturer might produce two different models of light bulb (to offer consumers some choices in power) with the same (a common) base (the screw interface, electric contacts, and structure into which the rest of the bulb fits). Those two models of light bulb can be called variants within a family of light bulbs using a common base.
A manufacturer might create a product that has a wide-area lamp at one end and a spotlight at the other. This system is a called a hybrid, since it combines two different capabilities that are normally separated.
Two different manufacturers might produce different types of lamps that use different power sources (for instance, one using an electric battery, the other burning compressed butane gas). If those lamps are of similar weight and size and are fitted with similar handles, the lamps are similarly portable. They can be described as interoperable, at least in terms of portability. This is true even though the lamps probably do not share any components. The example of portability is chosen to distinguish interoperability from compatibility. Compatibility is a subset of interoperability. Compatible items are those that interface or communicate in some way. For instance, an electric light system might utilize a charger plugged into a car lighter or outlet. The charger and outlet would be compatible. Interoperability includes compatibility but also includes other ways in which entities can work together, such as through their similar portability.
Some systems and components are very different from others. An ultraviolet light bulb designed for use in tanning beds is a highly differentiated light bulb; it is clearly differentiated from a standard light bulb used in most home lamps. Its components and capabilities share little with the other systems and components already discussed. Differentiation allows a product to offer specialized capabilities and to be differentiated (in marketing terms) from competitive products.
Military Vehicular Examples
To further explain our definitions, we present military vehicular examples in this section (see Figure 4 .2) and infantry weapon examples in the third section of this chapter.
As an example of a common item, we present a common power plant in two vehicles: the M2 Bradley IFV and the MLRS. There is an explanation for the fact that these two vehicles share a power plant: The MLRS was developed on the Bradley's chassis. Nevertheless, common power plants are rare across variants, since they are often modified or altered. In this case, the common power plant was a design requirement of the MLRS. The same power plant can be placed in either vehicle during manufacture, and the two vehicles can interchange power plants in the field.
By contrast, the M60 MBT and the M88 RV do not share a power plant, though their power plants share lower-level items. The M88 is a variant of the M60. The M60 power plant was altered to serve the M88. The power plant requires special parts and assembly to fit each vehicle and cannot be interchanged between vehicles without alteration. The power plants share the majority of components, but the power plants themselves are not entirely common. Instead, the engines are best described as standardized, in that they meet some of the same performance and material standards and are produced on the same production line with ease.
Some items can be manufactured by different manufacturers to different designs but can still be interchanged. Examples of such items include the Michelin XL and Goodyear AT2A pneumatic tires, which do not share the same manufacturer or tread but can be interchanged (subject to configuration restrictions) on the HEMTT.
Vehicular modules are difficult to code because of the ambiguity about whether a modular item is really reconfigurable or simply a base model for variants. (A vehicle's machine-gun ring mount, which can mount a different type of machine gun within a few minutes because the weapon fits an existing interface on the mounting, is part of a modular system. A vehicle that could mount that weapon but only with a specially constructed mounting is not part of a modular system but is capable of conversion into a variant.) Vehicles that can be reconfigured in the field are difficult to code, since it is difficult to know how burdensome the reconfiguration must be before we code it as a rebuild or modification. For instance, mine plows or rollers can be fitted on the front of some armored vehicles. If the modification is routinely reversed in the field, we would code the attachment as a module. If not, then the modified vehicle is a variant. Reconfiguration in the manufacturing plant is easier to code. One example is the SEP light armored vehicle, which was ordered by Sweden from BAE Systems Hägglunds. The manufacturer offers wheeled and tracked versions with different modular fighting compartments. The chassis and fighting compartments can be described as modules. The key feature of these modules (as opposed to other components that we would not code as modules) is that they change the functionality of the vehicle. The tracked or wheeled chassis changes the vehicle's mobility, while the different fighting compartments turn the variant into a heavily armed fighting vehicle, an infantry carrier, or an ambulance, among other things.
The SEP variants can be described as a family of vehicles, although we have indicated here that their modularity is more remarkable. The Stryker family, deployed by the U.S. Army (the first systems were delivered in February 2002), is a family of light armored vehicles. Stryker comprises two main variants-the infantry carrier vehicle (ICV) and the mobile gun system. The ICV has eight additional configurations: reconnaissance vehicle; mortar carrier; commander's vehicle; fire support vehicle; engineer squad vehicle; medical evacuation vehicle; antitank guided missile vehicle; and nuclear, biological, and chemical reconnaissance vehicle.
As discussed previously, the M2 Bradley IFV can be considered a variant in a family that includes the MLRS. The family also includes the M3 cavalry fighting vehicle (CFV) (as well as the Fire Support Team and Linebacker variants). The CFV was originally conceived as a hybrid vehicle, offering the armored reconnaissance capabilities of a light tank as well as the carrying capabilities of a scout-team carrier, but the CFV was too light to fight as a tank and too unstealthy to serve as a scout vehicle.
The Bradley IFV was developed to share similar mobility with the M1 Abrams MBT. In the context of mobility, it is interoperable with the M1 Abrams. In other contexts, it is not interoperable: It lacks the same level of protection or armament, even though it also carries tank-killing weapons. Consequently, although doctrine allows for the IFV to act as "overwatch" or fire support for leading tanks, it does not recommend that IFVs routinely lead tanks (Haworth, 1999; Hunnicutt, 1999) .
The M1 Abrams is a highly differentiated vehicle. It is differentiated in capabilities, being the U.S. Army's main tank-killing ground vehicle. It has not been used as the basis for any variants, though an IFV variant was once considered (but rejected as too expensive and overly capable). It is also differentiated in components, most of which are unique to this vehicle. Its armament, protection, and engine power are unmatched by any other U.S. Army vehicle. Figure 4 .3 shows some examples of infantry weapons, categorized by each of the nine concepts. First, we note the common magazine, which can be fitted to the M16 rifle and M4 carbine. The magazine is one model, manufactured for both carbines.
Infantry Weapon Examples
The bayonet lugs (the fittings for the bayonet) on the two carbines meet the same standards for diameter, length, and other attributes, allowing the two weapons to fit the same bayonet.
The M2 and M9 bayonets are interchangeable. The bayonets are of different design but can be interchanged on the M4 carbine.
The optical sight is a module. It can be mounted on the carbine in place of the iron or vane sights. The optical sight changes the functionality of the system, allowing it to be fired more accurately, at longer ranges, or at night (depending on the type of sight used).
Since it can mount the optical sight, which is a module, the M16 rifle is inherently modular. Another example of the M16 rifle's modularity is that the M203 grenade launcher can be fitted underneath the rifle and later detached.
Since the M4 carbine was developed from the M16 rifle and shares many components, the M16 rifle and M4 carbine are variants in a family of infantry weapons.
A clear example of hybrid is the integral rifle/grenade launcher variant in the AK47 family of infantry weapons. The rifle and grenade launcher are combined during manufacturing and are not designed for easy reconfiguration in the field. Therefore, the system is best described as hybrid, not modular.
Infantry weapons that are similar in weight and dimensions are interoperable in terms of portability; each type of weapon should be able to demonstrate the same mobility and range. This is remarkable in the case of the squad automatic weapon, the M249 light machine gun, in that its weight and dimensions are closer to those of a rifle, even though its rate and sustainability of fire are closer to those of a light machine gun. Finally, a traditional rocket-propelled grenade launcher is a differentiated weapon in that it fires heavier grenades than those fired by modules, such as the M203, and can fire only grenades, unlike the modular M16/M203.
The next chapter completes this report with some brief recommendations and conclusions.
CHAPTER FIVE
Recommendations and Conclusions
The Army, and DoD generally, is increasingly interested in acquiring "systems" that share common "components." Commonality offers many advantages and disadvantages that are sometimes difficult to discern and optimally trade off. This difficulty is compounded by semantic confusion about the subject. There is strong evidence that the existing lexicon used by the Army for commonality and its related concepts is ambiguous. The Army's and the U.S. military's own definitions often overlap or contain inconsistencies. Additionally, the Army, and the U.S. military generally, often fails to formally define some of the concepts identified as both relevant and important in this work.
Anecdotal evidence suggests that ambiguous terminology has led to confused discussions about the U.S. military's acquisition of new systems. Sharing a clear terminology would help designers, developers, procurers, trainers, logisticians, and operators to work together and make better decisions. Rigorous definitions help delineate problems and solutions and thus advance theory. In this case, rigorous conceptualization can help clarify the costs and benefits of different paths of action and so produce better decisions.
To achieve the goal of clarity in communication across all aspects of item procurement and life cycle, the Army should adopt a more rigorous lexicon of the sort recommended here and market it to all stakeholders. These stakeholders include Department of the Army concept developers, procurers, trainers, logisticians, and operators, and others outside of the Army: private-sector designers, developers, suppliers, and joint decisionmakers. The Army should consider using examples, such as those provided in this report, to help teach the definitions and concepts. Army procurers, developers, program executive officers, and logisticians should be directly trained in the preferred definitions and encouraged to use them in their related activities. By incorporating more consistent definitions in its formal dictionary and appropriately publicizing the definitions in its procurement, development, and logistics documents, the Army could avoid potentially costly future miscommunications. In so doing, it could achieve higher payoffs from decisions regarding future investments in commonality and families of systems.
Although readers may not agree with all our definitions, we hope that this report will serve as a sound basis for a rigorous lexicon that the Army-at least the development, procurement, and logistics communities-could adopt and utilize for the better. Future work might address how this or another rigorous lexicon could improve decisionmaking across a broad spectrum of activities related to the acquisition and maintenance of Army systems.
